Aflatoxin degradative activity was demonstrated in 6-to 12-d-old intact mycelium and cell-free extracts of Aspergillus Jlauus. The addition of cycloheximide, SKF 525-A or metyrapone to cultures of A . Jlavus prevented subsequent degradation of the aflatoxins, while in cell-free extracts degradation was inhibited by SKF 525-A, metyrapone and cytochrome c but not by KCN. In cell-free extracts, aflatoxin degradation was enhanced by NADPH and NaIO,. The results suggest the involvement of cytochrome P-450 monooxygenases in the aflatoxin degradative activity of A. flaws.
Medium (100 ml) was dispensed into 250 ml wide-mouthed Erlenmeyer flasks, and the flasks were plugged with non-absorbent cotton wool and autoclaved at 1 10 "C (70 kPa) for 20 min. After cooling, the flasks were aseptically inoculated with 2 x lo6 spores and incubated at 25 "C on an orbital shaker at 200 r.p.m.
Preparation of cell-free extracts. Mycelial cultures (6-to 12-d-old) were chilled in an ice-bath for 20 min, vacuum filtered, and the mycelium was washed three times with cold distilled water and once with cold 0.067 M-potassium phosphate buffer, pH 6.9. Mycelium (50 g) was aseptically homogenized for 2 min in a chilled Waring blender (Universal Motor model 5BA60XL67) with 5 g glass beads (Sigma, type V) and 0.067 M-phosphate buffer, pH 6.9, to give a final volume of 2 ml buffer (g wet mycelium)-I (Doyle & Marth, 1978~) . The homogenate was chilled in an ice-bath for 20 min and centrifuged at 1500g for 30 min at 4 "C. The supernatant obtained is referred to as the cell-free extract.
Aj7atoxin degradation by intact mycelium and cell-free extracts. Mycelium from 6-, 8-, 10-and 12-d-old cultures was washed three times by vacuum filtration with distilled water and once with 0.067 M-phosphate buffer, pH 6-9. Washed mycelium (10 g) was placed into 50 ml conical flasks containing 30 ml0-067 M-phosphate buffer (pH 6.9) with either 100 pg aflatoxin BI or 100 pg aflatoxin G I . Similarly, cell-free extracts (20 ml) were incubated with aflatoxin B1 or G I . The flasks were incubated at 25 "C on an orbital shaker and aflatoxin contents determined after 48 h. Flasks containing buffer and aflatoxins but without mycelium or cell-free extract served as controls.
Cycloheximide (6 mM), SKF 525-A (2-diethylaminoethyl 2,2-diphenylvalerate1 HCl) (2 mM) or metyrapone (6 mM) were added aseptically to 6-and 8-d-old growing cultures. Aflatoxin content was determined on days 6,8, 12 and 16 for the untreated cultures (controls) and days 12 and 16 for the treated cultures.
Buffered cell-free extracts (20 ml) were pipetted into 50 ml conical flasks containing either 100 pg aflatoxin B, or G I . The flasks were supplemented with either NADPH (0.2 mM), KCN (10 mM), NaIO, (3 mM), metyrapone (16 mM), SKF 525-A (2 KIM) or cytochrome c (0.1 mM) and were incubated at 25 "C on an orbital shaker. The aflatoxin contents were examined after 48 h incubation.
All chemicals were purchased from Sigma, while SKF 525-A was a gift from Smith, Kline & French Research Ltd, Welwyn Garden City, Herts, UK.
Aj7atoxin extraction and analysis. Intact mycelia together with media from 50 ml conical flasks was ground in a mortar and pestle and transferred into a separating funnel, washed twice with 50 ml chloroform and shaken vigorously. The chloroform extract layer was removed through a filter paper (Whatman no. 1) supporting anhydrous sodium sulphate. The remaining aqueous layer was extracted twice with 50 ml chloroform. The extracts were combined and evaporated to dryness in a rotary evaporator. The residues were dissolved in a few millilitres of chloroform, quantitatively transferred into a 25 ml vial and dried using a sample concentrator (Techne-Dry-Block DB-3) at 60 "C with constant flow of nitrogen gas (Shih & Marth, 1974) .
The aflatoxins in cell-free extracts were extracted in a similar manner. Aflatoxin residues from the sample vials were dissolved in 1 ml chloroform and 10 pl samples spotted on TLC plates coated with silica gel G (Merck). Aflatoxin standards were similarly spotted. The plates were then developed in toluene/ethyl acetate/chloroform/90% acetic acid (70 : 50 : 50 : 20, by vol.). The plates were dried in a fume-cupboard and observed under long wave UV light (366 nm) in a dark viewing cabinet (type A 425; P. W. Allen & Co.). The samples which fluoresced at the same RF values as the aflatoxin standards were marked and scraped off for quantitative spectrophotometric estimation (Shimadzu UV-120-02) according to the method of Nabney & Nesbitt (1965) .
Statistical analysis. An analysis of variance (Mead & Curnow, 1983) was done for all results. Treatment means were compared with control means using least significant analysis at the 95% significance level.
RESULTS

Growth and ajatoxin production by A . flavus
Growth and aflatoxin production by A.javus are shown in Fig. 1 . Increase in growth occurred most rapidly between days 2 and 6; thereafter, growth was almost stationary but did not decline up to 12 d incubation. In contrast, production of aflatoxins B1 and G was most marked between days 4 and 6 followed by a steady decline to day 12.
Degradation of ajatoxin by intact mycelium and cell-free extracts of' A . fravus Washed mycelia from 6-to 12-d-old cultures of A. fravus were all able to degrade added aflatoxin B1 and G I over the 48 h experimental period (Table 1) . The 10-d-old cultures showed a small but significantly higher activity than the others. The small variations in the initial concentrations of added aflatoxins could have arisen from the endogenously formed aflatoxins not removed by the washing procedures.
Cell-free extracts from the 6 to 12-d-old cultures were also able to degrade aflatoxins B1 and G I (Table 2) . In this case, however, there was a significantly marked difference between the 6-dold culture extracts and the extracts from the other mycelia. The cell-free extracts from 10-d-old cultures again had the highest ability to degrade the added aflatoxins. Overall, the degradative ability of the cell-free extracts was significantly less than that of the intact mycelia.
EJect oj' selected compounds on aflatoxin degrudation by myceliurrr and cell-jree extracts of' A . fluvus The addition of cycloheximide, SKF 525-A or metyrapone to either 6-d-old or 8-d-old cultures of A . jlauus resulted in almost complete inhibition of the endogenous degradation of the aflatoxins (Table 3) .
Cell-free extracts from 1 0-d-old cultures of A . jiatws showed much-reduced degradation activity in the presence of SKF 525-A and metyrapone (Table 4) . Cytochrome c also lowered the degradative activities of the extracts but to a lesser extent than the other compounds. K C N had no observable inhibitory effect.
Apato-yin degradation by Aspergillus j a w s 2027
The addition of NADPH or NaIO, to the cell-free extracts resulted in marked stimulation of aflatoxin degradation (Table 4 ). In particular, NaIO, increased degradation of aflatoxin B, and G , from control values of 1942% and 22.05% respectively to 45.88% and 47.85%.
DISCUSSION
. The ability of intact mycelium to degrade endogenously applied aflatoxins has previously been demonstrated for A. parasiticus (Huynh & Lloyd, 1984 ) and the present results with A . Jlacus are in substantial agreement. In contrast, Doyle & Marth (1978~) using A . parasiticus were only able to achieve measurable degradation of aflatoxins when mycelium had been blended or fragmented. This may indicate that uptake of exogenous aflatoxins is strain-dependent (Doyle et al., 1982) . The inhibitory effect of cycloheximide on the degradative effect confirmed the enzymic nature of the activity. Huynh & Lloyd (1 984) found that the effect of cycloheximide on aflatoxin degradation depended on the time of addition of cycloheximide to the culture; the earlier the addition, the more effective was the inhibitory effect.
Although the ability of cell-free extracts to degrade the aflatoxin was less than in intact mycelium the extracts from the older mycelium were considerably more active than those from younger mycelium suggesting that the level of the degradative enzymes was increasing.
The use of SKF 525-A and metyrapone in this study has given insight into the type of enzymes involved in aflatoxin degradation. These compounds are classic inhibitors of the cytochrome P-450 monooxygenase enzymes and have been widely used with animal and microbial systems (Anders & Mannering, 1966; Rosazza & Smith, 1979; Smith & Davis, 1980) . They are considered to combine with the active site of the enzyme by serving as alternative substrates. Their ability to inhibit aflatoxin degradation in intact mycelium and in cell-free extracts strongly suggests that the enzymes involved in the degradation of the aflatoxins in A.fracus belong to the cytochrome P-450 monooxygenase enzyme system. The presence of this enzyme system in whole cells and cell-free extracts of A.fratw (Hamid & Smith, 1987) and of A . parasiticus (Bhatnager et al., 1982) has been determined spectrophotometrically and its role in aflatoxin synthesis has been demonstrated. Moreover, degradation of the aflatoxins by cell-free extracts of A .flaws was enhanced by NADPH. This is consistent with the activity of enzymes in which the presence of a cofactor is necessary. During the enzyme reaction cytochrome P-450 monooxygenase binds with the substrate and molecular oxygen and interacts with a reductase. An electron flow occurs between NADPH and cytochrome P-450 through NADPH-dependent cytochrome P-450 reductase (Peterson et at., 1977) . NaIO, greatly stimulated the degradative activity of cell-free extracts. The hydroxylation reaction that is supported in the presence of this oxidizing agent indicates the haemoprotein nature of the enzyme, and is typical of the cytochrome P-450 dependent system. NaIO, could serve as an oxygen donor to the haemoprotein enzyme resulting in the formation of an active oxygenated species of P-450. Other oxidizing agents such as HzOz, NaCIOz and organic hydroperoxides affect NADPH-dependent reactions and the hydroxylation appears to be specific for cytochrome P-450 (Rahimtulla & O'Brien, 1974; Ellin & Orrenius, 1975) . These hydroxylating agents bypass the reduction step of the NADPH-dependent pathway and form ferry1 ions (Fez+) which ultimately affect the hydroxylation process of microsomal mixtures (Hrycay et at., 1975 (Hrycay et at., , 1976 ) and microsomal cytochrome P-450 in particular (Nordblom et al., 1976) .
The ability of the cell-free extracts to degrade the aflatoxins was not affected by the presence of KCN in the reaction mixture. In contrast, Ghosh & Samanta (1981.) found that cyanide stimulated the hydroxylation of progesterone by cell-free preparations of A . ochraceus. However, other investigators have shown that cyanide does not significantly affect enzymic activity in cellfree preparations of the fungal system (Ferris et at., 1976; Ghosh et al., 1983; Matthews & van Etten, 1983) . The activity of hepatic cytochrome P-450 is widely thought to be insensitive to cyanide (Omura & Sato, 1967) .
Cytochrome c significantly inhibited the ability of the cell-free preparation of A . fracus to degrade the aflatoxins. This inhibitory effect is consistent with the involvement of cytochrome c
